Sequences of more than 100 residues adjacent to the 3'-terminal poly(A) tract were determined for each of the two genome RNA species of tomato black ring nepovirus (TBRV) strains A and C; in addition a shorter portion of sequence was determined for RNA-2 of strain G. Comparison of these results and the sequence previously determined for RNA-2 of strain S showed that in this region the sequences of RNA-I and RNA-2 are almost identical and that considerable sequence homology exists between strains. In contrast, a segment of sequence near the 3' end of RNA-2 of tobacco ringspot virus, another nepovirus, showed no similarity with the corresponding region of TBRV RNA.
INTRODUCTION
Tomato black ring nepovirus (TBRV) has a genome comprising two species of single-stranded RNA, RNA-1 of tool. wt. 2.69 × 106 and RNA-2 of mol. wt. 1.47 × 106 (Murant et al., 1981; Meyer et al., 1986) . Both are polyadenylated at the 3' end (Mayo et al., 1979) and possess a covalently linked protein (VpG), probably at the 5' end (Mayo et al., 1982; Koenig & Fritsch, 1982) . Strains of TBRV belong to one or other of two serotypes, 'Scottish' and 'German' (Harrison, 1958) . Strains within each serotype are serologically closely related. Hybridization tests with cDNA copies revealed a similar pattern of relationships. Within each serotype, 90~ or more homology was observed between the corresponding RNA species of pairs of strains. Between serotypes greater differences were found, 30 to 40~ of RNA-1 sequences and only about 10~o of RNA-2 sequences being common to all TBRV strains tested. Limited nucleotide sequence homology was found between the genome RNA species of TBRV and those of serologically distantly related nepoviruses in the same subgroup, such as grapevine chrome mosaic, cacao necrosis and artichoke Italian latent viruses, but not between TBRV RNA species and those of seven serologically unrelated nepoviruses (Dodd & Robinson, 1984) .
Hybridization experiments did not detect nucleotide sequences common to RNA-1 and RNA-2 of any of four strains of TBRV (Robinson et al., 1980; Robinson, 1982; Dodd & Robinson, 1984) . However, homologous sequences comprising less than about 5 ~ of the smaller RNA species might not be detected by this technique, which therefore gives an upper limit of about 250 residues for the homology between RNA-1 and RNA-2.
Several plant viruses with divided RNA genomes have now been shown to have identical or nearly identical sequences at the ends of each genome part. For example, in cowpea mosaic virus (CPMV), 39 out of 44 residues at the 5' end are identical in M-RNA and B-RNA (Najarian & Bruening, 1980) , and at the 3' end there is about 80~o homology between the genome parts in the first 65 bases adjacent to the poly(A) (Davies et al., 1979) . The complete nucleotide sequence of TBRV strain S RNA-2 is known (Meyer et al., 1986) . We have examined the sequences at the 3' ends of RNA-1 and RNA-2 of representative TBRV strains and of RNA-2 of tobacco ringspot virus (TobRV) in order to find out whether these sequences are common to the two genome parts and to what extent they are conserved in different viruses and virus strains. 
METHODS
Preparation of virus RNA samples. TBRV strains A and G (G12) (Hanada & Harrison, 1977) , TBRV strain C (celery yellow vein strain; Hollings, 1965) and TobRV (an isolate from blueberry; Lister et al., 1963) were propagated in Nicotiana clevelandii. (TBRV-G and TobRV were held under licence from the Department of Agriculture and Fisheries for Scotland.) Nucleoprotein particles were purified as described by Mayo et al. (1979) .
Bottom and middle components were separated and RNA-1 and RNA-2 respectively were extracted from them as described by Dodd & Robinson (1984) .
Sequencing procedure. RNA sequences were determined by the dideoxynucleotide chain termination method (Zimmern & Kaesberg, 1978) . Reaction mixtures contained (in 10 p.l): 10 mM-Tris-HC1 pH 8.4; 60 mM-KC1; 5 m~-MgC12 ; 1 mM-dithiothreitol; 0.02 mM each of dATP, dCTP, dGTP and TTP; 2 gCi [c~ -3zP]dATP (400 to 800 Ci/mmol); 2 pmol template RNA; 0.05 ~tg p(dT)sdG primer; an appropriate concentration of a single dideoxynucleoside triphosphate (ddNTP) and 2 units of reverse transcriptase. Most experiments were done with a ddNTP : dNTP ratio of 1 : 1, but ratios from 5 : 1 to 1 : 2 were also found useful. After incubation for 30 min at 37 °C, 2 pl of a solution containing 2 mM of each dNTP in the same buffer and 2 units of reverse transcriptase was added, and incubation was continued for a further 30 rain. Products were analysed in 0.4 mm thick 8~ or 20~ polyacrylamide slab gels, containing 8 M-urea, 90 mM-Tris-borate pH 8.3, and 1 mM-EDTA (Sanger & Coulson, 1978) . Meyer et al. (1986) showed that the first nucleotide adjacent to the 3'-terminal poly(A) sequence in TBRV-S RNA-2 is a C residue. To determine whether other TBRV RNA species also have a C residue in this position, the effectiveness as primer of each of the three oligonucleotides p(dT)sdG, p(dT)sdC and p(dT)sdA was tested using sequencing reaction conditions. No ddNTP was added, and incorporation of [3H]TTP (800 mCi/mmol) was measured by binding to DE-81 filter discs (Robinson et al., 1980) . The results (Table 1) show that, for all TBRV RNA species tested, cDNA synthesis was primed most efficiently by p(dT)8dG, implying that the nucleotide adjacent to the poly(A) is C. Low levels of incorporation of [3H]TTP into material that bound to DE-81 discs were also observed in the presence of p(dT)8dC and p(dT)sdA. This may result from priming by contaminants, such as oligo(dT), in the oligonucleotide preparations. Some primer-independent incorporation was also observed.
RESULTS
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Sequences at the 3' ends of TBRV RNA species
Dideoxynucleotide chain termination sequencing of TBRV-A RNA-1 and RNA-2, TBRV-C RNA-1 and RNA-2 and TBRV-G RNA-2, using p(dT)sdG as primer, yielded unambiguous results. The sequences deduced are shown in Fig. 1 , together with the corresponding segment of TBRV-S RNA-2 from Meyer et al. (1986) . The residues of TBRV-S RNA-2 are numbered according to Meyer et al. (1986) . The results presented have been collated from overlapping sequences, such that except at the 5' extremity, each residue of strains A and C was identified on at least two gels, usually three or four, with at least two RNA preparations. Only a few experiments were done with TBRV-G RNA-2, and many residues in this sequence were identified only once. (a) Fig. 3 . Autoradiographs of two parts of a single sequencing gel, showing the sequences of TBRV-C RNA-2 (a) and RNA-1 (b) approximately between residues 4530 and 4570, and illustrating the only differences detected between these two RNA species. Sequences listed beside each panel are those read from the regions between the arrowheads and are in the template RNA sense; differences are indicated by italic letters. T, C, G, A signify the type of ddNTP included in the reaction mixture.
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In the standard sequencing reactions using [~-a2p]dATP as the label, no bands coresponding to termination before residue 4653 were observed, probably because none of the R N A species contain U residues beyond position 4654. Indeed, residue 4653 was clearly discernible only in experiments where higher d d N T P : d N T P ratios were used. However, if transcripts were labelled with [ct-32p]dCTP, residues 4653 to 4655 of RNA-2 of strain A could be clearly identified as UUC. The sequence of RNA-1 of strain A was extended by using 5' 32p-labelled p(dT)8dG as primer, and omitting labelled dNTP. This experiment clearly identified residues 4653 to 4655 as UUC, and gave strong bands corresponding to A residues in the next five positions. There were, however, weak bands in other lanes in this region, and residue 4661 could not be identified. Nevertheless, there is a strong presumption that the sequences of all six R N A species are likely to be identical in this region.
All the 3'-terminal sequences have large regions of similarity. Indeed the T-terminal sequence of RN A-1 of strain A is identical to that of RN A-2 of strain S, determined by Meyer et al. (1986) . RNA-2 of strain A differs from these two only in having A instead of G at position 4596. Fig. 2  (a, b) shows parts of sequencing gels of the region around this position for RNA-2 and RNA-1 respectively of strain A, illustrating this difference. The sequences of the R N A species of strain C differ from those of strain A in this region by having residues 4594 and 4596 deleted, but with two extra U residues inserted between positions 4600 and 4601 (Fig. 2c) ; strains A and C also differ in several other places (Fig. 1) . The sequences of RNA-1 and RNA-2 of strain C differ from one another only at positions 4541 and 4559 (Fig. 3) . For RNA-2 of strain G less complete 977 information was obtained, but the partial sequence differed from that of RNA-2 of strain C only at residue 4572 (Fig. 1) .
Sequence at the 3' end of TobRV RNA-2 When TobRV RNA-2 was used as a template in reverse transcription reactions, significant incorporation of labelled nucleotide was observed with both p(dT)sdC and p(dT)sdG as primers. However, only with p(dT)sdG were readable sequencing gels obtained. It seems likely therefore that the residue immediately adjacent to the poly(A) tract in TobRV RNA-2 is C.
Using p(dT)sdG as primer, a sequence of 70 residues was obtained (Fig. 4) . It was not possible to read the gels to the 3' extremity, and comparison of the positions of the dye markers in these gels with those in TBRV RNA sequencing gels suggested that the sequence shown corresponds approximately to residues 15 to 84 from the 3' end. This sequence shows no homology with the corresponding region of any of the TBRV RNA species, nor has a computer search revealed any obvious similarity with any other part of the TBRV RNA-2 sequence (Meyer et al., 1986) .
DISCUSSION
In the T-terminal regions examined, almost complete homology exists between RNA-1 and RNA-2 both in TBRV-A and in TBRV-C. In contrast, no homology between the RNA-1 and RNA-2 sequences as a whole could be detected by hybridization techniques (Robinson et aL, 1980; Dodd & Robinson, 1984) . However, the regions sequenced amount to less than 3 ~o of each of the RNA molecules, and this degree of homology would be below the sensitivity of the hybridization technique. Taken together, the two kinds of experiment show that the bulk of the sequences in RNA-1 and RNA-2 are generally dissimilar, but that the 3' ends are an exception. Similar sequences at the 3' ends of each of the genome parts have been found for several other plant viruses with divided genomes, including alfalfa mosaic virus (Koper-Zwarthoff et aL, 1979) , brome mosaic virus (Dasgupta & Kaesberg, 1977) , CPMV (Davies et al., 1979) , cucumber mosaic virus (Symons, 1979) and tobacco rattle virus (Bergh et al., 1985; Cornelissen et al., 1986) . It seems likely that these similarities are of functional significance, probably as recognition signals for one or more proteins involved in the viruses' life cycles.
Considerable sequence homology was also detected between the Y-terminal sequences of different TBRV strains. Comparing TBRV-A and TBRV-C, 86~ of bases in RNA-1 and 83~ of those in RNA-2 are homologous. These values are much higher than those between the bulk of the RNA sequences, estimated by hybridization (Dodd & Robinson, 1984) , suggesting that the selection pressure against mutations in the 3'-terminal regions is greater than that elsewhere in the molecules. Comparison of the T-terminal RNA-2 sequences of TBRV-G and TBRV-S with those of TBRV-C and TBRV-A respectively indicates that conservation of these sequences is more pronounced within than between serotypes. A similar trend was observed in the overall homologies between genome species of different strains (Dodd & Robinson, 1984) .
In contrast to these strongly conserved RNA sequences in TBRV strains, a fragment of sequence near the 3' end of TobRV RNA-2 shows no similarity with the corresponding region of TBRV RNA species. Thus, there is no indication of a substantial T-terminal sequence that may be conserved among different members of the nepovirus group. This is especially noteworthy in view of the fact that, as noted by Meyer et al. (1986) , significant sequence homologies exist between the 3' non-coding sequences of TBRV RNA-2 and M-RNA of the comovirus, CPMV; in particular, a run of 17 residues from positions 4609 to 4625 of TBRV RNA-2 is identical to positions 3456 to 3472 of CPMV M-RNA (Dodd, 1983) . Although this sequence is conserved in all the TBRV RNA species examined and in CPMV M-RNA, it was not found in the corresponding region of TobRV RNA-2, or in CPMV B-RNA.
The sequence GAUAAAA at residues 4639 to 4645, which is found in all the TBRV RNA species examined, corresponds in sequence and position to the consensus polyadenylation signal of plant genes (Messing et al., 1983) , Meyer et al. (1986) noted that the 3' non-coding region of TBRV-S RNA-2 is relatively rich in U residues, and our results show that, at least for the 3"-proximal part of the non-coding region, this is a feature shared by all TBRV RNA species. They also noted that several base-paired helical structures with large negative free energies could be formed in the 3'-terminal sequence, and a consequence of the similarity in primary sequence is that the predicted secondary structures at the 3' ends of all TBRV RNA species are very similar (Dodd, 1983) . The observed conservation of primary sequence possibly reflects a requirement for specific secondary structure features at the 3' ends of the two genome parts.
